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Although long chain alkenones (LCKs) occur widely in lacustrine sediments, their origin is not clear. Here, we report a
lacustrine source, the non-calcifying species Chrysotila lamellosa Anand (Haptophyceae), collected and isolated from an
inland saline water body, Lake Xiarinur (Inner Mongolia, China). Its alkenone pattern is similar to those of coastal marine
strains of C. lamellosa,but the relationship between UK
0
37 index and culture temperature for the lacustrine species is quite
diﬀerent from that of the coastal species. A signiﬁcant feature of the alkenones in this strain of C. lamellosa is a lack of
C38 methyl alkenones, which might be used to distinguish the species from the marine haptophyte species Emiliania huxleyi
and Gephyrocapsa oceanica. The higher C38 tetraunsaturated compound abundance might be another important feature
for distinguishing the C. lamellosa alkenone producer from the coastal species Isochrysis galbana. This alkenone distribu-
tion pattern has been detected in many lakes, which suggests that C. lamellosa or a closely related species might be a very
common alkenone precursor in lacustrine systems. We examined UK
0
37 and U
K
37 values for C. lamellosa as a function of cul-
ture temperature in a batch culture experiment. The calibration for UK
0
37 vs. culture temperature (T) was U
K 0
37 ¼
0:0011 T 2  0:0157 T þ 0:1057ðn ¼ 14; r2 ¼ 0:99) from 10 C to 22 C or UK 037 ¼ 0:0257T 0:2608ðn¼ 9;r2¼ 0:97)
from 14 C to 22 C. UK37 vs. culture temperature was U
K
37 ¼ 0:0377 T  0:5992ðn ¼ 14; r2 ¼ 0:98) from 10 C to
22 C. Our experiments show that the alkenone unsaturation index (UK 037Þ is strongly controlled by culture temperature
and can be used for palaeoclimate reconstruction.
 2007 Elsevier Ltd. All rights reserved.1. Introduction
Growing concerns about speciﬁc proxies for con-
tinental palaeotemperature and progress in the alke-0146-6380/$ - see front matter  2007 Elsevier Ltd. All rights reserved
doi:10.1016/j.orggeochem.2007.04.007
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E-mail address: chuguoqiang@mail.igcas.ac.cn (G. Chu).none proxy for palaeo sea surface temperature (e.g.,
Volkman et al., 1980; Marlowe et al., 1984; Brassell
et al., 1986; Prahl et al., 1989; Sikes et al., 1991;
Conte et al., 1992; Rontani et al., 1997; Sonzogni
et al., 1997; Herbert et al., 1998; Mu¨ller et al.,
1998; Teece et al., 1998; Prahl et al., 2000; Epstein
et al., 2001; Harada et al., 2006; Zhao et al., 2006).
Fig. 1. Location of Lake Xianinur; j sampling site for the
surface sediments from Chu et al., 2005; d sampling site for
phytoplankton samples for this study.
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tions and their relationship with temperature in lim-
nic environments (Li et al., 1996; Thiel et al., 1997;
Innes et al., 1998; Sheng et al., 1998; Wang and
Zheng, 1998; Zink et al., 2001; Sun et al., 2004;
Chu et al., 2005; D’Andrea and Huang, 2005; The-
issen et al., 2005; Liu et al., 2006). Studies of the
marine environment indicate that the UK
0
37 tempera-
ture relationships for the species C. lamellosa, I. gal-
bana, E. huxleyi and G. oceanica diﬀer signiﬁcantly
from each other (Marlowe et al., 1984; Brassell,
1993; Volkman et al., 1995; Sawada et al., 1996;
Conte et al., 1998; Epstein et al., 1998, 2001;
Yamamoto et al., 2000; Versteegh et al., 2001; Prahl
et al., 2006a,b). Conte et al. (1998) emphasized the
importance of variations in alkenone based calibra-
tions among diﬀerent alkenone-synthesizing species
and populations. The experience from marine
studies acts as a reminder that it is important to
identify the alkenone precursor organisms in lakes
since limnic systems are more sensitive to environ-
mental change, with strong seasonality and local
characteristics.
Earlier studies (e.g., Cranwell, 1985; Li et al.,
1996; Zink et al., 2001; Chu et al., 2005) could not
ﬁnd algal precursors for the long chain alkenones
(LCKs) in lakes because of low abundance of such
organisms, high algal diversity and seasonal vari-
ability in algal assemblages. We chose Lake Xiar-
inur, which has the highest LCK content of
surface sediments among the studied lakes in China
(Chu et al., 2005), as a target for tracing alkenone
producer organism(s). Here, we report preliminary
results of our culture experiment with a strain of
C. lamellosa isolated from Lake Xiarinur.
2. Samples and methods
2.1. Lake Xiarinur and samples
Lake Xiarinur (11528 0E, 4237N and 1230 m
above sea level) is located in the central area of
Qtindag sandy land, in central-eastern Inner Mon-
golia, 260 km north of Beijing (Fig. 1). The climate
is continental-temperate, with very cold and windyTable 1
Water chemistry data for Lake Xiarinur
K+ Na+ Ca2+ Mg2+ B Al HCO
0.112a 8.78a – 3.61 9.35 0.25 2.46
a Concentrations are g/L; others are mg/L.winter and spring seasons. The mean annual tem-
perature in the area is about 1.5 C and the mean
annual precipitation 365 mm. About 80–90% of
the precipitation occurs between July and Septem-
ber, a distribution that is typical for climates inﬂu-
enced by the East Asian monsoon. The lake is a
closed one, with a surface area of about 3.1 km2
and maximum water depth 1 m. Water chemistry
is shown in Table 1. It is ice-covered from the end
of November to early April. The catchment is sur-
rounded by semi-immobile dunes, on which the veg-
etation is characterized by woodland prairie and
meadow prairie species that include Triglochin
palustre, Halerpestes ruthenica, Potentilla anserine,
Stippa grandis, Cleistogenes squarrosa, etc. (Zheng
et al., 2006).
We collected phytoplankton samples in diﬀerent
seasons from 2001 to 2003 for culturing experi-
ments. C. lamellosa was found in some samples col-
lected in spring and autumn. We isolated the strain
from the cultured mixture of phytoplankton col-
lected in April 2003. Fig. 2 shows the strain used
in the culture experiments for alkenone detection
and for studying the relationship between alkenone
unsaturation degree and growth temperature.
3 CO
2
3 SO
2
4 NO

3 Cl
 P pH
5a 3.265a 0.423a 3.90 8.73a 3.08 9.42
Fig. 2. Microphotographs of cultured sample of Chrysotila lamellosa isolated from Lake Xiarinur. (A) under DIC microscope, a
vegetative cell surrounded by mucilaginous sheaths; (B) under ﬂuorescence microscope, showing the parietal chloroplast (red) and lipid
bodies (yellow). Arrows show lipid bodies. Cell diameter 5–7 lm.
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The batch culture was grown in 250 mL ﬂasks
without aeration. The medium was prepared with
ﬁltered (0.45 lm) natural lake water (water chemis-
try in Table 1) and 1/2 strength artiﬁcial growth
medium after Prahl and Wakeham (1987). C. lamell-
osa was cultured at 10, 12, 14, 16, 18, 20 and 22 C
under cool white ﬂuorescent light, with a 12 h/12 h
light/dark cycle to establish a UK
0
37 temperature rela-
tionship. The cultures were gently hand shaken
(twice per day). Cells were harvested after 10–16 d
at the beginning of the stationary phase. They were
ﬁltered through a 47 mm diameter glass ﬁbre ﬁlter
(Whatman GF/F, 0.45 lm) and stored on the ﬁlter
in a refrigerator until analysis.
2.3. Chemical analysis
The samples were freeze dried and soxhlet
extracted with CH2Cl2 for 48 h after addition of
an internal standard (C36 n-alkane). The extracts
were evaporated to dryness under a N2 stream. Fol-
lowing the procedure described by Villanueva and
Grimalt (1997a,b), the extracts were saponiﬁed
overnight with 6% KOH in CH3OH to eliminate
hydrolysable material, especially wax esters. The
neutral fraction containing alkanes, alkenones and
alcohols was recovered by extraction with n-hexane.
The hexane extracts were separated into sub-frac-
tions using silica gel column chromatography (2 g
silica, 30 · 0.4 cm i.d.) with a mixture of CH2Cl2
and hexane (1:1). The ﬁrst fraction, containing alk-
anes and alkenones was evaporated under a N2
stream and redissolved in toluene.Prior to instrumental analysis, the extracts were
derivatized overnight with bis (trimethylsilyl)triﬂuo-
roacetamide (BSTFA) at room temperature. The
derivatized extracts were analyzed using a Shimadzu
GC-2010 gas chromatograph equipped with a 30 m
fused silica column (DB1, J&W, 0.25 mm i.d.;
0.25 lm ﬁlm thickness) and a ﬂame ionization detec-
tor. He was used as carrier gas. Samples were intro-
duced by splitless injection. The oven temperature
was programmed from 40 to 180 C at 4 C/min
(isothermal 20 min) and from 180 to 300 C at
2 C/min (isothermal 70 min). Replicate analysis of
a sample showed that the analytical error was
< 5% for alkenones (n = 8).
3. Results and discussion
3.1. Taxonomy and distribution of C. lamellosa
C. lamellosa is distributed not only in coastal
marine environments (Anand, 1937; Green and
Parke, 1975; Rontani et al., 2004), but also in a vari-
ety of continental environments (Green and Parke,
1974, 1975; Green and Course, 1983). Its phyloge-
netic origin is not clear among LCK-containing
algae, but 18S r-DNA sequencing (Edvardsen
et al., 2000) and molecular phylogenic studies
(Fujiwara et al., 2001) suggest that Emiliania,
Gephyrocapsa and Isochrysis are closely related
and form a monophyletic taxonomic group. Chryso-
tila is another non-coccolithophorid genus that may
fall into this group (Fujiwara et al., 2001). Coastal
strains of C. lamellosa have been shown by Marlowe
et al. (1984) and Rontani et al. (2004) to produce
alkenones. A culture of C. lamellosa (strain 528;
Fig. 3. Partial gas chromatograms showing distribution of long
chain alkenones in Chrysotila lamellosa grown at 10 C and
20 C. Concentration data are shown in Table 2.
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ine lake Neusiedlersee near Vienna (Green and
Course, 1983) showed that this species is one of
the alkenone producers in continental ecosystems.
The strain of C. lamellosa we isolated from Lake
Xiarinur, an inland lake that lies several hundreds
of kilometers from the seashore, is not thalassic,
but an inland species that lives in saline lakes.
Fig. 2 shows microphotographs of cultured C. lam-
ellosa in this study. The cell diameter of the strain is
5–7 lm. Under a DIC microscope, a vegetative cell
is surrounded by thick layer of mucilage (Fig. 2a).
Under a ﬂuorescence microscope, the cells show
red chloroplast and yellow lipid bodies (Fig. 2b).
The cell membrane, cytoplasm and plastid are
tinged with orange. Early reports (Brassell et al.,
1986; Prahl et al., 1988) assumed that polyunsatu-
rated long chain alkenes, alkenones and alkenoates
(PULCAs) were in membrane lipids. The algae
changed the degree of PULCA unsaturation to
maintain membrane ﬂuidity to adapt the changing
temperature. It has been suggested that PULCAs
are associated with internal organelles of E. huxleyi
and I. galbana such as the chloroplasts (Eltgroth
et al., 2005), endoplasmic reticulum and coccolith-
producing compartment (Sawada and Shiraiwa,
2004), and then packaged into lipid bodies (Murphy
and Vance, 1999; Liu and Lin, 2001; Eltgroth et al.,
2005). The physiological role of PULCAs appears
to resemble the role of other neutral lipids, which
often serve as energy reserves (Eltgroth et al.,
2005). Considering that I. galbana (Eltgroth et al.,
2005) and C. lamellose in this study may fall into
the same group, we estimate that the location of
alkenones and alkenoates in their cells may be
similar.
3.2. Long chain alkenone distribution
The amounts of alkenones and alkenoates in the
cultures of C. lamellosa at 10 C and 18 C are
0.34 pg/cell and 1.32 pg/cell, respectively, similar
to those of the other alkenone-producing taxa from
marine ecosystems. (Marlowe et al., 1984; Prahl
et al., 1988; Dunstan et al., 1993; Conte and Eglin-
ton, 1993; Conte et al., 1994, 1995; Volkman et al.,
1995; Sawada et al., 1996; Parrish et al., 1998; Vers-
teegh et al., 2001). The alkenones are characterized
by a predominance of C37 methyl alkenones and C38
ethyl alkenones, a small proportion of C39 and trace
to undetectable levels of C40 alkenones (Fig. 3,
Table 2). A distinct characteristic is the lack ofC38 methyl alkenones. The alkenone isomers in the
marine clones of E. huxleyi and G. oceanica have
higher abundances of C38 methyl alkenones, while
C. lamellosa and I. galbana lack completely or have
only trace amounts of C38 methyl alkenones (Mar-
lowe et al., 1984; Rontani et al., 2004). Another sig-
niﬁcant feature is the high proportion of
tetraunsaturated components, both for C37 and
C38 homologues. This character can be used to dis-
tinguish C. lamellosa from oceanic haptophytes
such as E. huxleyi and G. oceanica (Marlowe
et al., 1984; Rontani and Volkman, 2005), that have
lower abundances of tetraunsaturated components,
and from the coastal species I. galbana, that has
no ethyl C38:4 alkenone (Marlowe et al., 1984).
The alkenone distribution in the strain of C. lam-
ellosa from Lake Xiarinur is similar to those of the
inland strain 528 and the coastal strains 353 and
HAP 17 (Marlowe et al., 1984; Rontani et al.,
2004), and diﬀers from those of E. huxleyi, G. ocea-
nica and I. galbana. Moreover, the distribution, char-
acterized by the lack of C38 methyl alkenones, high
proportions of tetraunsaturated compounds, espe-
cially the C38 tetraunsaturated compounds, has been
found not only in sediments from lake Xiarinur but
also in many other inland lakes in China, such as
the hypersaline lakes on the Tibetan Plateau (Li
et al., 1996; Wang and Zheng, 1998; Chu et al.,
2005) and Inner Mongolia (Chu et al., 2005), as well
as in lake Van in Turkey (Thiel et al., 1997) and some
freshwater lakes in England (Cranwell, 1985).
Considering that C. lamellosa can be found living
in a variety of terrestrial environments (Green and
Table 2
Alkenone compositiona of Chrysotila lamellosa from Lake Xiarinur
Culture T C C37:4/C37+38 C37:3/C37+38 C37:2/C37+38 C38/C37+38 C37:4/C37 UK
0
37 U
K
37
10 16.0 45.7 3.2 35.1 24.6 0.065 0.197
10 18.7 52.8 3.7 24.8 24.9 0.065 0.199
12 13.6 46.1 4.6 35.7 21.1 0.091 0.140
12 13.2 41.5 3.7 41.6 22.6 0.082 0.163
12 14.0 44.3 3.4 38.3 22.8 0.071 0.173
14 12.9 53.3 6.2 27.6 17.9 0.103 0.093
16 9.4 53.5 9.9 27.2 12.9 0.156 0.007
18 7.0 43.3 9.6 40.1 11.8 0.181 0.042
18 6.9 49.0 12.4 31.7 10.0 0.202 0.081
20 4.0 39.9 13.5 42.6 7.0 0.253 0.166
20 4.6 45.3 14.2 35.9 7.2 0.239 0.150
20 4.0 39.3 13.2 43.5 7.1 0.251 0.163
20 4.3 46.6 17.2 31.9 6.4 0.270 0.189
22 4.0 40.8 18.4 36.8 6.3 0.310 0.228
a C37: total C37:2–4 methyl alkenone; C38: total C38:2–4 ethyl alkenone; C37+38: total C37:2–4 methyl alkenone and C38:2–4 ethyl alkenone;
C37:4: C37:4 methyl alkenone.
Culture Temperature (ºC )
= 0.0011×T2 –0.0157 ×T+0.1057
(n=14, r2 = 0.99)
8 10 12 14 16 18 20 22 24
0
0.1
0.2
0.3
0.4
U37
•
•
•
•
•
•
•
•
•
•
= 0.0257×T –0.2608
(n=9, r2 = 0.97)•
•
•
K′
U37
K′
U37
K′
Fig. 4. UK
0
37 values for C. lamellosa at diﬀerent culture temper-
atures. Note that there are two repeated measurements at 10 C,
three at 12 C, two at 18 C and four at 20 C; m C. lamellosa
353, from Marlowe et al. (1984); j C. lamellosa 528 from
Marlowe et al. (1984);  C. lamellosa HAP17 from Rontani et al.
(2004); d this study.
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that the same alkenone distribution pattern was
found in this study and in the sediments from many
lakes, we think that C. lamellosa is not only the
alkenone precursor organism in Lake Xiarinur
but, furthermore, is one of the most common pre-
cursors of alkenones in lacustrine systems. How-
ever, C38 methyl alkenones have been found in
other lakes such as Lake Balikun (Chu et al.,
2005), Lake Titicaca (Theissen et al., 2005), and
some lakes in Germany (Zink et al., 2001) and
Greenland (D’Andrea and Huang, 2005). This
shows that there are other precursor organisms, as
yet unknown, occurring in lacustrine systems. More
work is needed for tracing producers of LCKs in
lacustrine systems.
3.3. Relationship between temperature and alkenone
unsaturation index
Fig. 4 shows UK
0
37 values measured in our culture
experiment against temperatures from 10 to 22 C.
The values are strongly correlated with growth tem-
perature (Table 2). The second order polynomial
regression of the index vs. water temperature was
UK
0
37 ¼ 0:0011 T 2 0:0157 T þ 0:1057ðn¼ 14;r2 ¼
0:99). The slope of the regression clearly decreases
when the temperature is lower than 14 C. A linear
regression line can be ﬁtted through the data from
14 to 22 C and has the following equation: UK 037 ¼
0:0257T  0:2608ðn¼ 9; r2 ¼ 0:97). The slope indi-
cates that UK
0
37 will change 0.0257 unit per 1 C. Asimilar slope was obtained in a study of Chinese sal-
ine lakes [UK
0
37 ¼ 0:025T þ 0:153;n¼ 24; r2 ¼ 0:67;
Chu et al. (2005)]. However, it diﬀers from the core
top calibration for fresh-brackish lakes (Chu et al.,
2005) and signiﬁcantly from the previous culture
data for C. lamellosa (0.01, Rontani et al., 2004).
The slope diﬀerences could be mainly due to genetic
variation among diﬀerent species and diﬀerent
strains. Genotypic variation should be amajor factor
aﬀecting the pattern of physiological response of UK
0
37
vs. temperature (Conte et al., 1995; Yamamoto et al.,
2000). UK
0
37 temperature diﬀerences have been
Q. Sun et al. / Organic Geochemistry 38 (2007) 1226–1234 1231demonstrated among diﬀerent species of the oceanic
haptophytes E. huxleyi and G. oceanica and coastal
species of Chrysotila and Isochrysis (Prahl and
Wakeham, 1987; Volkman et al., 1995; Versteegh
et al., 2001; Rontani et al., 2004), and even among
diﬀerent strains of the same species, such as Isochry-
sis sp. clone T-ISO (Brown et al., 1993) and I. gal-
bana (Versteegh et al., 2001), and C. lamellosa
strains 353, 528 (Marlowe et al., 1984), andC. lamell-
osa HAP17 (Rontani et al., 2004), and diﬀerent
strains of E. huxleyi and G. oceanica (Brassell,
1993; Conte et al., 1995, 1998; Epstein et al., 1998;
Yamamoto et al., 2000). These results suggest that
one should be careful when using an alkenone-based
temperature calibration in a given lake if the LCK
distribution is diﬀerent or unusual.
In our culture experiments, the relative abundance
of the C37:4 methyl alkenone (% C37:4) changed from
6.3% at 22 C to 24.9% at 10 C. It shows that the %
C37:4 mainly changes with temperature without
changing salinity (Table 2). When considering the
UK37 index as deﬁned by Brassell et al. (1986), we
obtained the following linear relationship for our cul-
ture ofC. lamellosa:UK37 ¼ 0:0377 T  0:5992 ðn ¼
14; r2 ¼ 0:98; Fig. 5). It is clear that water tempera-
ture is a strong control on the relationship between
theUK37 and growth temperature under certain culture
conditions, as suggested by the work on cultures ofE.
huxleyi andG. oceanica (Conte et al., 1998) andby the
mesocosm study of E. huxleyi in a fjord (Conte et al.,
1994). The ﬁeld study of Zink et al. (2001) for fresh-
water lakes in Germany showed a linear trend= 0.0377×T –0.5992 
(n=14, r2 = 0.98)
8 10 12 14 16 18 20 22 24
-0.6
-0.4
-0.2
0
0.2
0.4
•
•
•
•
•
•
•
•
•
•
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Culture Temperature (ºC )
U37
K
U
37K
Fig. 5. UK37 values for C. lamellosa at diﬀerent culture temper-
ature. Note that there are two repeated measurements at 10 C,
three at 12 C, two at 18 C and four at 20 C; m C. lamellosa 353
from Marlowe et al. (1984); j C. lamellosa 528 from Marlowe
et al. (1984);  C. lamellosa HAP17 from Rontani et al. (2004); d
this study.between UK37 and growth temperature. It has been
argued that the temperature response of the tetraun-
saturated compound (C37:4) is less certain, and the
percentages of C37:4 might serve as a proxy to esti-
mate palaeosalinity (Rosell-Mele´, 1998; Rosell-Mele´
et al., 2002; Liu et al., 2006). But, other studies have
found no discernable relationship of % C37:4 to salin-
ity in the open ocean even in cold water (Sikes and
Sicre, 2002), in Chesapeake Bay (Mercer et al.,
2005), and in Chinese lakes (Chu et al., 2005). Addi-
tionally, increasing values of % C37:4 are coincident
with decreasing salinity in the North Atlantic; on
the contrary, the result from La Trinitat solar saltern
shows that increasing values of %C37:4 are coincident
with increasing salinity (digital data from the Fig. 6 in
Lopez et al., 2005). We suggest that the relationships
of the tetraunsaturated C37 methyl alkenone to salin-
ity and temperature are less certain, especially in lim-
nic systems.
Employing C. lamellosa culture calibrations, the
alkenone data for the surface sediments of Lake
Xiarinur yield water temperature 14.1 C from
UK
0
37ðUK
0
37 ¼ 0:101, Chu et al., 2005) and 0.9 C from
UK37 (U
K
37 ¼ 0:564, Chu et al., 2005). Surface water
temperature in a shallow lake can be close to the air
temperature (e.g., Webb and Nobilis, 1997; Living-
stone and Lotter, 1998). The mean air temperatures
of the middle 10 days of April and the middle 10
days of October from 1953 to 1980 are 4.0 and
3.4 C (data are from Duolun weather station, ca.
100 km from Lake Xiarinur). Considering algae
generally grow in water whose temperature is higher
than 4 C, the growing season of C. lamellosa may
be from the last 10 days of April to the ﬁrst 10 days
of October. The mean air temperature for this per-
iod (ice-free period) is 13.7 C (1953–1980), which
is near the water temperature calculated from UK
0
37.
However, the water temperature calculated from
UK37 in the surface sediment is much lower than that
calculated from UK
0
37. This problem has been
observed for Greenland lakes (D’Andrea and
Huang, 2005). The application of C. lamellosa cul-
ture calibrations to the surface sediments in Lake
Xiarinur shows that the UK37 proxy is uncertain for
the introduction of C37:4 to the deﬁnition of U
K
37.
4. Conclusions
C. lamellosa, isolated from Lake Xiarinur in
China, is the source organism of LCKs in this limnic
system. The most signiﬁcant feature of this strain is
the lack of C38 methyl alkenones, which can be
1232 Q. Sun et al. / Organic Geochemistry 38 (2007) 1226–1234regarded as a key characteristic for distinguishing
this species from other species of Haptophytes such
as E. huxleyi and G. oceanica. Higher abundance of
C38 tetraunsaturated compounds is another feature
of this strain of C. lamellosa in this lake, which
might be used to separate C. lamellosa from other
alkenone-producing organisms such as I. galbana
in limnic and coastal marine systems.
The second order polynomial regression of alke-
none unsaturation index vs. water temperature
we obtained was: UK
0
37 ¼ 0:0011T 20:0157T þ
0:1057ðn¼ 14;r2¼ 0:99) from 10 C to 22 C. The
linear relationship from 14 to 22 C was: UK 037 ¼
0:0257T 0:2608ðn¼ 9;r2¼ 0:97). The slope is
similar to that observed in a previous study of Chi-
nese saline lakes, but is diﬀerent from the ones
obtained from the core top calibration and cultures
of other strains of C. lamellosa (Chu et al., 2005;
Zink et al., 2001; Rontani et al., 2004; Marlowe
et al., 1984). Employing C. lamellosa culture calibra-
tions, alkenone data for the surface sediments of
Lake Xiarinur yield water temperature 14.1 C from
UK
0
37, close to the average air temperature during the
ice free period. The algal cells of C. lamellosa might
grow and bloom in this period. Our study shows
that the UK
0
37 index is strongly controlled by culture
temperature and can be used to reconstruct palaeo-
climate, although more validation experiments are
required for its application to limnic systems.
The culture experiment of the strain of C. lamell-
osa shows that the % C37:4 changed mainly with
temperature without changing salinity, and the
linear relationship between UK37 and water tempera-
ture is: UK37 ¼ 0:0377 T  0:5992ðn ¼ 14; r2 ¼
0:98). The UK37 proxy is less certain as temperature
or salinity proxy in limnic system.
It is important to focus further research on trac-
ing LCK-producing organisms and studying the
factors that aﬀect the relationship between alkenone
unsaturation and temperature, such as genetic
variation and salinity and nutrition status, since
the precursor organisms of LCKs in limnic systems
are more diverse than in the marine environment.
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